Objective: To examine the association between complementary feeding and risks of diarrhea and acute respiratory infection (ARI) among HIV-exposed infants aged 6-24 months.
INTRODUCTION
Diarrhea and acute respiratory infections (ARIs) are among the leading causes of death among under-fives, 1 the global burden disproportionately affecting children in lowand middle-income countries. 2 The risk of morbidity and mortality is higher for HIV-exposed children [3] [4] [5] [6] [7] who are estimated to be born at a global rate of over 1 million annually, chiefly in resource-limited settings. 8 Adequate nutrition during infancy is fundamental as the period from birth to 2 years of age is a "critical window" for the promotion of optimal growth and behavioral development. 9 Undernutrition compromises immune function and predisposes to infections. 10 Particular nutrients (such as vitamin A, iron, and zinc) are required for optimal immune response, and deficiencies in one or more of these diminish immune function and provide a window of opportunity for infectious agents. 10 Breastfeeding plays a role in protection against childhood infections. 10 WHO recommends that HIVinfected mothers take antiretroviral drugs and exclusively breastfeed (EBF) for 6 months, then introduce appropriate complementary foods and continue breastfeeding at least until the child's first birthday. 2 Thus, beyond 6 months of age, adequate complementary feeding (CF) is crucial for the overall health and survival of the HIV-exposed child. However, there is limited information on the impact of CF practices on the incidence of acute infections such as diarrhea and ARI in this vulnerable population.
Quantifying CF practices and assessing their association with child health outcomes have been limited because these practices include a series of inter-related behaviors that must be considered simultaneously and are, therefore, difficult to summarize into one or a few variables that accurately reflect them. 11, 12 An age-specific scoring system, the Infant and Child Feeding Index (ICFI) was developed by Ruel and Menon to examine the effect of child feeding practices on stunting in Latin America. 11 The score has since been adapted by investigators in various settings. [13] [14] [15] [16] [17] Most studies based on HIV-exposed children's data in sub-Saharan Africa have focused on single feeding behaviors such as EBF. [18] [19] [20] [21] [22] To our knowledge, no other study has used a longitudinal analysis using the ICFI to assess the relation of CF practices to the risk of diarrhea and ARI in this subpopulation.
We examined the relation of CF practices as measured by the ICFI with the risk of diarrhea and ARI among HIVexposed infants who participated in a randomized controlled trial of micronutrients in Tanzania.
METHODS

Study Design and Population
Detailed descriptions of the trial design and follow-up procedures have been published elsewhere. 23, 24 Briefly, between 2004 and 2007, HIV-exposed infants whose mothers were residents of Dar es Salaam, Tanzania, were enrolled in a randomized, double-blind, placebo-controlled trial of micronutrients and followed for 24 months. The trial aimed to evaluate whether direct supplementation of micronutrients to HIV-exposed infants reduces morbidity and mortality. Eligibility for infant participation in the trial included singleton birth, aged 5-7 weeks at randomization.
Data Collection
At baseline, information on demographic characteristics including maternal age, occupation, and education was collected through structured interviews. Maternal and child anthropometry were measured monthly using standardized procedures and calibrated instruments.
Laboratory Methods
All children were tested for HIV infection at 6 weeks of age using the Amplicor HIV-1 DNA assay version 1.5 (Roche Molecular Systems Inc). Tests at 18 months of age were performed using HIV enzyme-linked immunosorbent assays followed by Enzygnost anti-HIV-1/2 Plus (Dade Behring, Marburg, Germany). Discordant results were resolved by using a Western blot test. Children who were HIV negative at 18 months and still breastfed were tested again before they were discharged from the study after 24 months of follow-up. Maternal blood specimens were requested at baseline to measure complete blood counts and T-cell subset counts.
Complete blood counts and T-cell subset counts were measured for children at baseline and every 6 months thereafter. 24 
Assessment and Definition of Infant Feeding
At monthly clinic visits, women were asked about infant feeding practices in the previous week including breastfeeding status and frequency and introduction of other foods. Mothers were counseled on risks and benefits of EBF in keeping with contemporaneous WHO recommendations.
Infant and Child Feeding Index
CF was measured using a composite index combining multiple dimensions of child feeding practices based on current infant and young child feeding recommendations 12, 26 and previous work on the subject. We defined the score for 3 age groups: 6-8 months, 9-11 months, and 12-24 months. The index consisted of 5 components: current breastfeeding status, complementary food consistency, dietary diversity score (DDS), food group frequency score (FGFS), and meal frequency score (MFS), attributed in a manner reflecting the age change over the study period. Table 1 summarizes the variables and scoring system used to create the ICFI by age group.
Current Breastfeeding
A score of +1 was given to breastfeeding children while a score of 0 was given to nonbreastfeeding children at all ages.
Complementary Food Consistency
Like a previous study, 13 we replaced the bottle feeding component used in Ruel and Menon's 11 ICFI with food consistency because we lacked data on the use of bottles for feeding. WHO recommends gradually increasing food consistency as the infant gets older. This component was defined as the thickest consistency of complementary food the child received in the previous week. For 6-to 8-month-old infants, liquid food was scored as 0, gruel-like food such as porridge +1, and semisolid or solid foods +2. For older children, liquid or gruel-like foods, semisolid foods, and solid foods were scored as 0, +1, and +2, respectively. In the analysis, we combined the low (0) and medium (+1) categories because the numbers of visits in the low category were very small.
Dietary Diversity Score
WHO recommends that children aged 6-23 months receive a minimum of 4 food groups in the previous day. DDS was based on the number of food groups consumed in the previous day. We categorized food items into 4 food groups: (1) cereals; (2) dairy (cow's milk, milk powder, and infant formula); (3) flesh foods (eg, meat and fish); and (4) fruits and vegetables. Each food group consumed in the previous day was scored as 1. These scores were summed to give a possible range of 0-4 and categorized for each age group, based on tertiles. Consuming 0 to 2 food groups in the previous day was categorized as a DDS score of 0 (low), 3 food groups +1 (medium), and 4 food groups +2 (high).
Food Group Frequency Score
FGFS was based on the frequency of infant consumption of the 4 food groups over the previous week. Each food group scored 0 if not consumed during the previous week, +1 if consumed on 1-3 days, and +2 if consumed on 4 days or more. [13] [14] [15] [16] These scores were summed to give a possible range of 0-8, and new scores were assigned for each age group, based on tertiles.
Meal Frequency Score
MFS was based on current WHO feeding recommendations, according to which 6-to 8-month-old breastfed children should receive soft, semisolid, or solid foods at least twice a day and 9-to 23-month-old breastfed children at least thrice a day, 24 whereas nonbreastfed children aged 6-23 months should receive soft, semisolid, or solid foods (including milk feeds) 4-5 times a day. 12, 25 The final ICFI was a summation of the scores obtained for each component and ranged from 0 to 9 for the 3 age groups. For each age group, the feeding index was grouped into tertiles to form 3 categories such as low, medium, and high.
Assessment and Definition of Outcomes
At monthly visits, women were asked to report occurrence of any signs of respiratory illness, diarrhea, and fever on the day of clinic visit and during the previous month. Every 3 months, and/or when acute complaints of illness were noted, children underwent a physical examination and medical treatment by study physicians. Mothers were encouraged to present to the study clinic for a sick visit including a physician examination when the child was unwell.
We defined the respiratory end point as the occurrence of cough plus at least 1 additional symptom: difficult breathing, chest retractions, or refusal to feed. Diarrhea was defined as 3 or more watery stools in a 24-hour period in the previous month. Diarrhea episodes were defined as acute if they occurred for one or more days but less than 14 days or persistent (lasting 14 days or more). If mucus or blood was present, episodes of acute diarrhea were classified as dysenteric; other episodes were categorized as watery diarrhea. Since few children had persistent diarrhea, it was not analyzed herein.
Statistical Analyses
In total, 2387 singleton children were born alive to HIV-infected women in the randomized trial. Of these, 273 lacked data in the relevant age period and 22 lacked data on infant feeding, leaving 2092 children available for this analysis.
Separate analyses of associations of ICFI and each of its components with the incidence of diarrhea and respiratory infection episodes were performed using generalized estimating equations in the GENMOD procedure of the Statistical Analysis Systems package version 9.3 (SAS Institute). 26 The binomial distribution with the log link function and a working *Food consistency was the thickest consistency of complementary food taken by the child in the previous week. For 6-to 8-month-old infants, liquid food was given a score of 0, gruel-like food such as porridge +1, and semisolid or solid foods +2. For older children, liquid or gruel-like food, semisolid food, and solid food were scored as 0, +1, and +2, respectively.
†DDS was based on 4 food groups: (1) cereals, (2) dairy products, (3) flesh foods, and (4) fruits and vegetables. Each food group consumed in the previous 24 hours was scored as 1. These scores were summed to give a possible range of 0-4 and categorized based on tertiles. Consuming 0 to 2 food groups in the previous 24 hours was categorized as a DDS score of 0, 3 food groups a score of +1, and 4 food groups a score of +2.
‡FGFS was based on the frequency of consumption of different food groups over the previous 7 days. A score of 0 was assigned if no foods from any of the food groups were consumed during the previous week, +1 if a food group was consumed on 1-3 days, and +2 if a food group was consumed on 4 or more days. These scores were summed to give a possible range of 0-8, and new scores were assigned based on tertiles.
§MFS was based on current WHO feeding recommendations, according to which 6-to 8-month-old breastfed children should receive soft, semisolid, or solid foods at least twice a day and 9-to 23-month-old breastfed children at least 3 times a day, whereas nonbreastfed children aged 6-23 months receive solid, semisolid, or soft foods (including milk feeds) 4 to 5 times a day.
BF, breastfed; FG, food group. exchangeable covariance structure was specified for repeated measures. 27 Potential confounders were selected a priori and included maternal socioeconomic and health factors, and child nutrition factors associated with child morbidity. Covariates with P , 0.2 in univariate analysis were included in multivariate models. 28 No adjustments were made for multiple testing. Missing data for covariates were retained in the analysis using the missing indicator method for variables missing .1% of the observations. 29 
RESULTS
Of the 2092 children, 54% were male (Table 2) . At enrollment, 8% of the children were HIV infected. Of 1919 children not known to be HIV infected at 6 weeks of age, 3.8% were diagnosed with HIV infection by the end of follow-up. Most (86%) were exclusively breastfed; median breastfeeding duration was 4.4 months [interquartile range (IQR): 3-6.3]. At 6 weeks postpartum, 12% of the mothers were in the WHO HIV disease stage III or IV.
The ICFI score ranged from 0 to 9, and the median score was 6 (IQR: 4-7); age group median ICFI scores were 7, 7, and 5 for 6-8, 9-11, and 12-to 24-month-old infants, respectively. With increasing age, breast feeding decreased and more children received foods of thicker consistency (Table 3) . A dietary diversity of 4 food groups in the previous 24 hours was reported in 50%, 62%, and 49% visits at 6-8, 9-11, and 12-24 months, respectively. Minimum meal frequency conforming to WHO recommendations was reported in 40%, 33%, and 4% visits at 6-8, 9-11, and 12-24 months, respectively.
Median follow-up duration was 16.2 months (IQR: 10.4-17.5); there was no differential loss-to-follow-up by ICFI or its components. ICFI was not associated with the number of missed visits or with mortality. The incidence rates of acute watery diarrhea (AWD), dysentery, and ARI were 0.51, 0.15, and 0.30 episodes/child-year, respectively. Occurrence of dysentery was significantly lower in the harvest season (June to September), while ARI was lower in the long rains (April to May) and harvest seasons and higher in the short rain season (October to November). AWD showed no seasonality. ICFI scores were significantly lower in the harvest and the short rain seasons. In multivariate regression, for every unit increase in the ICFI score, there were 9% and 5% reduction in the risks of dysentery (RR: 0.91; 95% CI: 0.83 to 0.99; P = 0.02) and ARI (RR: 0.95; 95% CI: 0.91 to 0.99; P = 0.01), respectively. Low ICFI scores were likely associated with increased risk of dysentery (low versus high tertile RR: 1.40, 95% CI: 0.93 to 2.10; P for trend = 0.02) and ARI (low versus high tertile RR: 1.16, 95% CI: 0.96 to 1.41; P for trend = 0.01) ( Table 4) . Using stepwise regression, we determined that FGFS drove the association between the ICFI and dysentery (P = 0.02), and food consistency drove the association between the ICFI and ARI (P , 0.01).
Breastfeeding at 6 months age and beyond was not significantly associated with morbidity (Table 5 ). However, on adding the DDS component into the breastfeeding model, breastfeeding was protective of ARI (RR: 0.60; 95% CI: 0.37 to 0.97; P = 0.04). Low DDS were likely associated with increased risk of dysentery (low versus high tertile RR: 1.47, 95% CI: 0.92 to 2.35; P for trend = 0.03) and ARI (low versus high tertile RR: 1.41, 95% CI: 1.13 to 1.76; P for trend = 0.01), whereas low FGFS were associated with increased risk of dysentery (low vs. high tertile RR: 1.74, 95% CI: 1.11 to 2.74; P for trend = 0.01) and ARI (low versus high tertile RR: 1.44, 95% CI: 1.14 to 1.81; P for trend , 0.01). Low food consistency scores were associated with ARI (RR: 1.77; 95% CI: 1.40 to 2.26; P , 0.01). MFS were not associated with morbidity.
DISCUSSION
We used a feeding index to assess nutritional adequacy of CF and its relation to acute infection among HIV-exposed children in an urban setting in sub-Saharan Africa. Overall, CF practices were suboptimal. Low ICFI scores were likely associated with dysentery and ARI. Among its components, low 24-hour and 7-day dietary diversity and low food consistency scores were likely associated with dysentery and ARI.
The rate of AWD was comparable to that reported among under-fives in India 30 but higher than in Nicaragua, 31 while that of ARI was lower than in India 30 but comparable to rates of clinical pneumonia reported in the WHO African and South-East Asian regions. 32 ICFI scores in this cohort are similar to those from a study in Senegal 33 where majority of children scored between 4 and 6, but differed from results from Burkina Faso 17 where 6-to 11-month-old infants had a median score of 2. Previous studies have reported that low ICFI scores were associated with poor nutritional status in general pediatric populations 11, 13, 15, 17 and among HIV-exposed children. [34] [35] [36] It is noteworthy that children with low ICFI scores in this cohort were more likely to be stunted and underweight. Undernutrition compromises barrier function, allowing easier access by pathogens, and compromises immune function, decreasing the ability of the host to eliminate pathogens once they enter the body which predisposes to infections 10 ; this could explain why low ICFI scores were likely associated with dysentery and ARI.
In this cohort, few children were breastfed beyond 6 months of age. Similar results were reported from a cohort of HIV-exposed infants in Cote d'Ivoire 36 where the median breastfeeding duration was 4 months and few children were breastfed beyond 6 months age. These findings may be due to contemporaneous WHO recommendations which were that HIV-exposed children be exclusively breastfed "for the first months of life" and breastfeeding be discontinued as soon as was feasible. 37 Studies among HIV-exposed children in low-resource settings have reported associations between a lack or early cessation of breastfeeding and diarrhea [38] [39] [40] [41] [42] [43] and pneumonia. 43, 44 In this cohort, breastfeeding at 6 months age and beyond was not significantly protective of morbidity and this did not differ by HIV infection status. Based on the feeding recommendations, perhaps mothers who continued breastfeeding were those unable to provide adequate CF due to socioeconomic factors, thus not meeting energy and nutrient requirements so that breastfed children were not significantly less likely to suffer morbidity. Indeed, breastfed children may have been more likely to receive less diverse diets because adding the DDS component to the breastfeeding model revealed a protective association between breastfeeding and ARI. Moreover, it has previously been demonstrated that mothers may prolong breastfeeding for malnourished children 45 ; this could explain why breastfed children were not less likely to suffer morbidity.
Like in this cohort, authors in urban China 13 reported more infants receiving foods of thicker consistency with increasing age. Low food consistency scores were likely associated with morbidity. According to WHO, children aged 6-8 months require 682 Kcal/d, those aged 9-11 months about 830 Kcal/d, and those aged 12-23 months about 1092 Kcal/d. 46 Breast milk provides about 413, 379, and 346 Kcal/d for children aged 6-8, 9-11, and 12-23 months, respectively, 46 the remaining Kcal/d must be provided by CF. 46 The low (20) 1070 (22) 5316 (31) rates of breastfeeding in this cohort mean even higher energy demands from CF. For complementary foods to have 1.0 Kcal/g, it is necessary for them to be quite thick and contain fat or oil. 47 If complementary foods are more energydilute than breast milk, the child's total energy intake may be less than it was with exclusive breastfeeding possibly causing malnutrition. 47 The resulting compromised immune function and predisposition to infection 10 could explain why low food consistency scores were likely associated with infection. We measured DDS using both 24-hour and 7-day data to include day-to-day diet variations. Dietary diversity was low in this cohort; children had received foods from 4 food groups in the previous day in only half of the visits in the 6-8 and 12-24 month ages. Low achievements of the WHO minimum dietary diversity indicator (receiving foods from at least 4 food groups in the previous day) have been reported in central Tanzania, 48 Ethiopia, 49 Bangladesh, India and Nepal, 50 and Zambia. 51 Conversely, higher achievements were reported in Sri Lanka. 48 Based on our data, low dietary diversity was likely associated with increased risk of dysentery and ARI. Several studies have reported associations between low DDS and poor nutritional status in young children. [51] [52] [53] [54] [55] [56] It is noteworthy that in this cohort, children with low DDS and FGFS were more likely to be stunted and underweight; meaning, children on less diverse diets were less likely to meet their energy and nutrient requirements. Because undernutrition compromises immune function and predisposes to infections, 10 this could explain why children on less diverse diets were more susceptible to infection.
The minimum meal frequency indicator based on WHO standards was achieved in less than half of visits across the age groups. Higher achievement of this indicator was reported in Bangladesh, Nepal, Sri Lanka, 50 and Zambia. 49 We found no association between MFS and morbidity. Previous studies have reported a protective association between high MFS and child nutrition status 15, 17, 57 ; thus it may be expected that higher MFS would be protective against acute infections. Perhaps even those children who achieved the minimum meal frequency indicator received inadequate amounts of food so that they were no better off than the rest of the cohort.
The prospective nature of data collection was a major strength of this study because it allowed for a proper temporal relationship to be assessed between CF practices and morbidity. While using a composite index enabled us to assess the effect of multiple CF practice, running separate models for each component allowed us to examine associations between specific feeding practices and morbidity. Using 24-hour and 7-day infant feeding data may have reduced recall bias because caregivers would be more likely to remember what foods their children had received. Controlling for important confounders in multivariate regression analysis reduced bias in our results. Nevertheless, this study had important limitations. Construction of the DDS was based on 4 of the 7 food groups that WHO considers in tabulating this indicator 12 because we lacked feeding data on legumes and nuts, eggs, and vitamin A-rich fruits and vegetables (the latter 2 of which may have allowed for more evenly distributed DDS). Consequently, the DDS and ICFI scores and their associations with morbidity may be under or overestimated. The loss of potentially useful information that arose from categorizing the ICFI and its components may have reduced this study's power to detect associations, leading to imprecise estimation of the risks. Clinic-based reporting of nutrition behaviors may have led to under-reporting of poor infant feeding behaviors, resulting in nondifferential exposure misclassification. Self-report and monthly ascertainment of morbidity may have led to inaccurate reporting of morbidity and recall bias. Not correcting for multiple testing may have resulted in reporting relationships that occurred by chance. Finally, our results may not be generalizable to children born to mothers with advanced HIV disease because majority of mothers in this study were in the early WHO HIV disease stages at enrollment.
In conclusion, we observed associations between low ICFI scores and dysentery and ARI among children born to early-stage HIV-infected women in Tanzania. Low dietary diversity and food consistency scores were identified as the most important undesirable feeding practices. Our results confirm the existing literature that greater dietary diversity and optimal CF are important in improving young children's health. We recommend that nutrition programs in resource-limited 
